The provision of healthcare generates waste which can be detrimental to health and the environment. Management of healthcare waste is still a challenge in developing countries as practices, capacities and policies on waste disposal are grossly inadequate and require intensification. With the growing trend of biomedical services in Kumbo Cameroon, the medical waste management practices in this area was investigated to generate data that could guide policy in planning for an effective and sustainable waste management program. A qualitative cross sectional study was conducted in 30 of the 52 health facilities in study area. Participating facilities were selected by convenience sampling and personnel by random sampling. Data was collected using questionnaires, interviews and direct field observations and results analyzed using SPSS V 17.0. P-values <0.05 were considered significant. Participants aware of the existence of a national policy guide on waste management were mostly administrators (66.7%). Only 2 (6.6%) health facilities had a copy of this document. None of the participating facilities kept records of their medical waste management practices. All participants were aware of the health risk of healthcare waste. Use of PPE varied among participants and was highest among employed waste handlers (EWH) (100%) and laboratory technicians (100%) while the lowest (69%) was among pharmacy attendants. Gloves were the most commonly used PPE. Most of the EWH (55.6%) used examination gloves which was inappropriate. Not all participants segregated or disinfected waste. Waste bins were not colour-coded and all facilities had appropriate safety boxes for sharps. In 86.7% of health facilities, waste disposal was by burning in pits located within 400 m away from the facility. These pits were not protected from scavengers. Only 4 facilities had incinerators and all did not meet the required standards, as none was equipped with a scrubber. Even after segregation at the point of generation, wastes were mixed at the point of final disposal. Waste management practices in study site did not meet standard practices. There is an urgent need for proper medical waste management in Kumbo East and Kumbo West to minimise threats to human health and the environment. Regular supervision and enforcement of policy on medical waste management is paramount.
INTRODUCTION
Medical care is vital for life and health, but waste generated from medical activities has become a serious concern because of its composition. It has a high potential of carrying micro-organisms that can infect individuals exposed to it, as well as the community at large if it is not properly disposed (Babanyara et al. 2013) . Medical waste is the second most hazardous waste after radioactive waste. Being hazardous and infectious, medical waste also pose serious threats to public and environmental health as it may pollute air and contaminate soil and water sources. Thus, to protect human and environmental health, healthcare waste requires specific treatment and management prior to its final disposal. Enormous effort is needed to establish the provision of effective and universal healthcare and with it the safe and effective disposal of clinical waste. The last decade has witnessed an increase in the number of health care facilities not only as a result of demographic development but mainly due to aid from international commitment to eradicate and control many infectious diseases. This has led to a concomitant increase in medical waste generated (Doumtsop, 2014) . Efforts to manage such wastes have differed between countries, the worse scenario being in developing countries where such wastes are handled haphazardly (Pruthvish et al., 1999; Harhay et al., 2009; Walkinshaw, 2011) with no systematic management of healthcare waste. In many developing countries, regulations governing safe disposal of healthcare waste is either lacking or poorly enforced. In these countries, poor clinical waste management, and especially inefficient segregation, treatment and disposal method threaten the environment, occupational and public health and increases the potential for the transmission of blood borne pathogens (Solberg 2009 , Babanyara et al., 2013 ). An assessment by WHO revealed that in twenty two developing countries, the proportion of healthcare facilities that do not practice proper healthcare waste management ranges from 18 to 64% (WHO, 2004) . In the African continent, solid medical waste management in most countries is substandard. In a recent review of solid medical waste management in Africa (Udofia et al., 2015) , only 30% of countries met half of WHO's recommendations on medical waste management (Chartier et al., 2014) , with the greatest compliance recorded on daily collection of waste from points of generation (100%). In addition to the fact that waste is never segregated and poorly handled in these countries, uncontrolled and sub-standard burning is widely practiced creating additional environmental problems including emission of toxic air pollutants (particularly dioxin) and heavy metals which might be present in gaseous and solid by-products (Pruss et al., 1999) . Sound management of medical waste is highly necessary to protect human and environmental health.
This involves reducing the generation of hazardous waste, strictly controlling the storage, transport, treatment, reuse, recycling, recovery and final disposal of wastes (UNEP, 2000) . With the growing concern on medical waste management, some developing countries have recently implemented interventions that have improved their waste management practices (Kumar et al., 2015; Tabash et al., 2016; Awodele et al., 2016) . Although, there is very limited information on health care waste management in Cameroon, few studies conducted report medical waste management as a challenge in both primary and tertiary care facilities (Doumtsop, 2014) . Because resources allocated for healthcare are limited, health care waste management has received less attention and priority than it deserves. Most healthcare facilities lack an incinerator and in some it is broken down and non-functional. Waste is burnt in pits situated within the facility. Burning in waste pits releases toxic gases into the air that could endanger the ecosystem (Manga et al., 2008; Muchungong, 2010) . In the Northwest region of Cameroon, poor waste management practices observed in some health care facilities has been attributed to lack of sufficient awareness on environmental and public health impacts of poor clinical waste disposal (Muchungong, 2010) and most health workers were not aware of the existence of policy-national or international-on safe clinical waste management. Another study (Muluken et al., 2013) , reported that the working conditions of waste pickers in health facilities are precarious and this endangers not only their health but also that of their families. Although, resources are scarce in Cameroon like in most developing countries, there is need to prioritize medical waste management to prevent future use of scare resources to treat health related problems arising from poor medical waste management.
METHODS

Study area
This study was conducted in Kumbo East and Kumbo West health districts in the North West region of Cameroon. Kumbo, the second largest town in North West Cameroon and capital of Bui Division is located 110 km away from Bamenda, capital city of the North West region (Figure 1 ). The town of Kumbo has a population of over 100,000 inhabitants with a female dominance of 52%. There are two main hospitals in Kumbo both of which have training schools for health personnel, and a range of departments offering services like: general consultation, eye care, dental care, surgical services, X-ray/ultrasound, pharmaceutical services, laboratory services, paediatric services, gynecological, obstetric services, family planning, tuberculosis treatment units, vaccination and antenatal care, malaria prevention among others. One of the hospitals in addition has the only Cardio-Surgical Centre in Central/West Africa which offers cardiac surgery, diagnostic and interventional catheterization, coronary angiography, diagnostic coronarography, pace maker double and single chamber since 2009.
Kumbo Municipality in the North West region of Cameroon has experienced a rapid increase in the number of healthcare facilities as well as the types of health care services rendered in the last few years, resulting in an increase in the amount and diversity of waste generated from these facilities. Due to the growing trend of biomedical services in Kumbo, there is need for a comprehensive evaluation of medical waste management and disposal practices in the area, in order to inform policy on the planning for an effective and sustainable waste management program.
Study design
A cross sectional study with convenience sampling used to select health facilities for the study was conducted from September to December 2013. The choice of sampling method was to ensure that the two major hospitals in study area; one in Kumbo West and another in Kumbo East were included due to the broad range of healthcare services they offer. From a total of 52 health facilities in the study area, 16 were selected from Kumbo East and 14 from Kumbo West. If a chosen health area had all four categories of health facilities, all were selected in order to have a category representation. A minimum of 2 health facilities were selected from each selected health area. A total of 14 public, 8 confessional, 6 lay private and 2 community-owned health facilities were selected. Data on waste management practices was collected by questionnaires, field observations and interviews with randomly selected health personnel who were available at the time of the study.
Study population
All categories of staff in the selected healthcare institutions such as administrators, doctors, nurses, laboratory technicians, pharmacy attendants and waste handlers were targeted. Personnel from all the departments were sampled so as to have a broad range of the medical waste types generated and management practices. Healthcare facilities in Kumbo East and Kumbo West health districts and their personnel directly or' indirectly involved in medical waste management and disposal who gave consent to participate were recruited for the study.
Data collection
The instruments used in generating primary data included questionnaires administered to health personnel. Structured interview forms were used to assess medical waste management Dzekashu et al. 3 practices of health facilities. Observations during field visits were guided by an observation checklist so that key aspects to be evaluated could be noted down in a systematic manner.
Ethical considerations
Ethical clearance approving the study was obtained from the Catholic University of Cameroon (CATUC), Institutional Review Board (Ethics Reference N o.
021/HEPM/CATUC-IRB/13) while administrative clearance was issued by the Regional Delegation of Public Health for the North West region. Authorization to access health facilities in the two districts was obtained from the District Medical Officers of Kumbo East and Kumbo West health districts. For non-public health facilities, permission was obtained from the respective authorities concerned. Study participants were required to sign an informed consent form before participating in the study. Identification codes were used instead of names of participants on questionnaires and participation was voluntary.
Data analysis
Data was analyzed using SPSS software package (V 17.0). The Chi square test and percentages were used and P-value < 0.05 was considered significant.
RESULTS
Characteristics of study participants
A total of 260 participants were involved in this study. Nurses made up the highest number of participants, 154 (59.2%), followed by laboratory technicians, 34 (13.1%) and employed waste handlers (EWH), 27 (10.4%), while administrators, 6 (2.3%) were the least. Participation by gender reflected a male dominance of 58.8% (Table 1) .
Personnel knowledge on medical waste management
Among the study participants, those aware of the existence of a National Policy Guide (NPG) on medical waste management were mainly administrators (66.7%) and nurses (61%) and the least were pharmacy attendants (6.9%) (Figure 2 ).
There was no significant difference in awareness on the existence of a NPG with respect to category of personnel (P-value = 0.134). Most of those aware of the existence of a NPG were from community health facilities (66.7%), followed by personnel from confessional health facilities (45.1%) while the least were from public health facilities.
Only 2/30 (6.67%) health facilities (all public), had a copy of the National Policy Guideline on medical waste management to guide their medical waste management practices. One of the main hospitals had an internal waste management manual designed by its authorities.
None of the participating health facilities kept records of its medical waste management practices.
Among our participants, those who had aspects of waste management included in their curriculum during the period of their training were mostly laboratory technicians (94.1%), followed by nurses (68.2%) while the least were EWH (48.1%) ( Table 1) . The difference was significant (P=0.024). Some personnel attended seminars/workshops on waste management and these were mainly administrators (66.7%), followed by EWH (48.1%) while the least were doctors (20%) ( Table 1) . The difference was statistically significant (P=0.035).
Opinion of waste handlers on exposure to risk of infection
All health personnel (260/260, 100%) were aware that medical waste is risky to public health. Overall, only 86.2% considered EWH more exposed to infection from healthcare waste as compared to other categories of health personnel. With regard to personnel's opinion, all employed waste handlers (100%) noted they were more at risk of infection. This was followed by pharmacy attendants (93.1%) while the least were administrators (66.7%) (Figure 3 ).
Types of waste generated from healthcare facilities
Waste generated from health facilities was extremely heterogeneous comprising pathological waste, pharmaceutical waste, radioactive waste, chemical waste, sharps, infectious and domestic waste (Table 2) . Apart from radioactive waste and waste from surgical departments generated by the two main hospitals and some CMAs due to a broader range of their services, medical waste commonly generated in all healthcare facilities included: used syringes, gloves, wound dressings, empty drip sets, placenta, empty vials, and empty drug containers (plastics and cartons).
Waste management and infection prevention practices.
The use of personal protective equipment varied among (Table 3) . There was no significant difference in the use of PPE among personnel (P-value = 0.364). Gloves (100%) were the most common form of PPE used by waste handlers, followed by aprons (85.2%) and boots (55.6%). None of the waste handlers used face mask while only 48.1% used nose mask. On further investigation, it was realised that the majority of them used examination gloves (55.6%), while only 44.4% used utility gloves. With vaccination being another form of protection from certain infectious diseases, the authors investigated if healthcare workers had been vaccinated against some infections they are exposed to as a result of the nature of their job. Vaccination was against three types of infections: tetanus (63%), meningitis (51.9%) and hepatitis B (29.6%) ( Table  3) . These vaccines were received mostly during immunization campaigns. About 80% of medical personnel had been vaccinated against at least one of the above mentioned diseases. There was a significant difference in the number of participants that had been vaccinated (X 2 =9.792, P-value < 0.05). We investigated if personnel who generate infectious waste (doctors, nurses and lab technicians) disinfect such waste prior to disposal. Disinfection was practiced mainly by laboratory technicians (67.6%) and least by doctors (20%) ( Table 3) . The difference among these categories of staff was significant (P=0.0359). Disinfection of infectious waste was widely practiced by personnel from lay private facilities (56.3%), followed by those from public facilities (27.1%) but was not conducted in community health facilities. There was no significant difference in this practice with regards to the type of health facility (P=0.061). Segregation of waste generated prior to disposal was practiced by all EWH (100%) ( Table  3) .
This was followed by laboratory technicians (88.2%). Segregation was not practiced by pharmacy attendants (0%). There was a significant difference between personnel who segregated waste and those who did not (P=0.006). Segregation of waste was practiced mainly by staff of confessional health facilities (85%), followed by public facilities (52.1%). However, this practice was absent in community health facilities (0%). All health facilities had waste bins (Figure 4 ) for discarding waste. Only 80% of them had lids and they were not colourcoded. None of the participating health facilities lined waste bins with plastic bags or biohazard bags during the study period. However, in one of the main hospitals, it was reported that plastic bags were used when available. The use of safety boxes for disposal of sharps was practiced in all health facilities.
Transportation and final disposal of healthcare waste
Transportation of medical waste from point of generation to final waste disposal site was mostly done by handlifting (96.70%). Use of trolleys was seldom and observed only in one health facility (3.33%). All health facilities had a permanent site for the disposal of medical waste. Only 4 (13.33%) health facilities used incinerators. The rest (86.67%) had excavated pits for dumping waste and ash after burning ( Figure 5 ). Distance of waste disposal sites from health facilities ranged between 5 and 400 m (±54.57 m). Also, observations showed that 9 (30%) had their disposal sites located 0-10 m from the premises. Only 1 had its waste disposal site located about 400 m away. In addition, most health facilities (73.3%) did not protect their waste pit from scavengers ( Figure 5 ). Thirty-five (13.5%) respondents reported human visits (scavengers), while 52 (20%) reported animal visits to these dump sites.
Waste disposal was mainly by EWH in 22/30 (73.3%) health facilities. However, in facilities that did not employ a waste handler, other personnel such as nurses, doctors and night watch men were involved in waste handling.
DISCUSSION
Healthcare waste management is still presenting a series of challenges in developing countries because it has been given little attention. In Cameroon, medical waste management is a serious concern and therefore there is need for an evaluation of current management practices to enable planning, for better management of medical waste. Only 68.5% of our participants had medical waste management in their curriculum during their training with laboratory technicians (94.1%) being the highest and the least were EWH (48.1%). Most of our participants received training compared to health care workers in Northwest Ethiopia (Muluken et al., 2013) . With regards to in-service training on medical waste management through seminars or workshop, only 35.8% participated. This low percentage could be due to limited budgetary allocation which does not permit organization of such events. A recent study by Kumar et al. (2015) suggested an intensive healthcare waste management training as an effective intervention for improving knowledge, attitudes and practices among healthcare workers regarding healthcare waste management. Other studies (Kumar et al., 2016; Abah, 2011) have also indicated regular training of health care workers on waste management to have a great role on their practices on waste management.
Contrary to Ramokate and Basu (2009) who reported 46% of participants being aware of the existence of manual on safe management of medical waste, only 43.1% of participants were aware of the existence of NPG on medical waste management with the highest level of awareness being observed among administrators (66.7%). Our level of awareness was higher than the 20.8% reported by Muluken et al (2013) and Mochungong et al. (2010) reported similar findings in the Northwest region of Cameroon. Only 6.6% of health facilities had a copy of the guide and one facility had a waste management guide designed by its authorities. None of the facilities kept record of its waste management practices as opposed to a similar study in South Africa, where accessibility of medical waste management documents was 91% (Ramotake and Basu, 2009) . The low accessibility recorded in our study was associated with poor supervision and enforcement by the responsible authorities.
The extreme heterogeneity of medical waste composition (Table 2 ) confirms reports made in similar studies elsewhere ( Bassey et al., 2006; Hassan et al., 2008; Debere et al., 2013) thus, creating more challenges in its management. Segregation of waste at source reduces the management and cost of treatment in addition to public health risks and environmental pollution. Overall, these findings reveal that 70% of study participants segregated waste which contradict the report of Mochungong et al. (2010) , in which segregation was observed in all hospitals studied in the Norhtwest region of Cameroon. The difference which could be due to the fact that our study involved more health facilities (30) than studied by Mochungong et al. (2010) . Segregation was practiced mainly by staff of confessional facilities and was absent among staff of community health facilities.
Disinfection of infectious waste was practiced by 38.1% of participants, with this practice observed mainly among laboratory technicians (67.6%) which could be due to the Dzekashu et al. 9 fact that, most laboratory technicians had waste management included in their curriculum during their period of training. As with segregation, none of the community health facilities disinfected their waste. In a recent study on Ethiopia (Debere et al., 2013) neither waste segregation nor disinfection was reported. At the point of generation, the waste was discarded in plastic bins placed outside the wards and only 80% of them had lids. These bins were not lined with biohazard bags neither were they colour-coded. However, one hospital reported using biohazard bags when they are available. Bio-hazards signs were not seen on waste bins, although in one of the major hospitals instructive posters showing the type of waste to be discarded in each of the waste bins were fastened to the bin; thus, acting as a major step towards an effective healthcare waste segregation. There was also adequate provision and use of safety boxes for sharps in all health facilities. The gloves used by EWH were mostly examination gloves which are inappropriate, as it could not only tear easily exposing them to infection but could not offer protection against injury. Only 44.4% of them used utility gloves. None of the waste handlers used face mask, while only 48.1% used nose mask. Some of the waste handlers did not put on face masks during burning or incineration thus exposing themselves to resulting dangerous emissions. These findings do not comply with the Occupational Safety and Health Administration (OSHA, 2016) recommendations that, appropriate PPE must be used to reduce risk or worker exposure, with the employer making readily available and at no cost to employees, appropriate specialized clothing or equipment to protect exposure to blood and other potentially infectious bacteria. Our findings confirm the report of Mochungong (2010) that the working conditions of waste pickers in Cameroon are poor. Vaccination of waste handlers against infections was low: 63% for tetanus, 51.1% for meningitis and 29.6% for hepatitis B and these vaccines were received at no cost during vaccination campaigns. This shows that other required vaccines for which there was a cost were not taken.
Waste disposal was on-site in all health facilities and waste bins were transported manually by hand-lifting to the final disposal site except in one facility where trolleys were used. Waste handlers interviewed reported waste spills during transportation as some of the bins had no lids. This could lead to spread of infectious agents. In 26 (86.7%) health facilities waste disposal was by open burning in pits and all the wastes whether segregated or not was dumped into these pits. Considering the fact that these pits were located within 400 m from the facility, burning produced and released smoke and dangerous emissions to the air causing air pollution and exposing people to serious health risks. Because all the wastes (wet and dry) were dumped in the pit, combustion was incomplete. Scavengers (humans and animals) were reported visiting some of these pits and thus were exposed to hazardous waste and infectious materials following contact or injuries and could spread infection in the community through the sale of materials recovered from the pits. Contrary to a study in Ethiopia (Debere et al., 2013) in which the disposal mechanism of health facilities was incineration, only 4 (13.4%) facilities in our study site used incinerators. Although, incinerators are alternative technology for destroying high volume medical wastes particularly when resources are limited (Chartier, 2014) , there is concern on its environmental impact as most of them lack air pollution control devices (Fedowosi et al., 2013) . Incinerators in our study site were locally constructed with brick and did not meet the guidelines and contributed to air pollution endangering the lives of the nearby population. Ash from these incinerators is disposed in pits and could leach into the ground polluting underground water.
Limitations of study
The authors did not quantify the amount of waste generated per bed per day in the study facilities. As this study was conducted during the day, staff on night duty involved in waste management could not be reached and hence could not participate in the study. Distances between some health facilities could not permit a cross section of waste handlers to be included in the study as some left the health facilities immediately after their cleaning chores in the morning.
CONCLUSION
Waste management practices in the study site did not meet standard practices. There is an urgent need for proper medical waste management in Kumbo East and Kumbo West to minimise threats to human health and the environment. For this to be achieved, there is need for increased budgetary allocation to health facilities to ensure training of personnel on waste management, and purchase of PPE and required materials for safe waste handling, storage, transportation and purchase of high temperature incinerators. Regular supervision and enforcement of policy on medical waste management is paramount.
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